[1] Condensation particle counters (CPCs), used to examine particle production in the coastal environment, are evaluated for their ability to differentiate ultrafine sizes between 3 and 10 nm, along with their ability to count high total particle number concentrations encountered during coastal nucleation events. Four ultrafine particles counters, with a 3 nm detection limit, were deployed in a spatial array comprising a triangular distribution with nodes approximately 100 m apart (two at 3 m height, one at 10 m). A fourth node was deployed at 20 m. The 10 m and 20 m node comprised additional CPCs with detection limits of 5 and 10 nm. Size cutoff efficiency calibrations were performed in the field, and all CPCs were found to be within the manufacturer's specifications. During the nucleation events it was found that peak particle concentrations of the order of 180,000 cm À3 were encountered, and as a result, coincidence calibrations were also performed in the laboratory. It was found that, at concentrations over 100,000 cm À3 , the CPCs significantly underestimated the true concentrations by a factor of about 5-6. Total particle concentrations were also measured using a 30-times dilution system and an ultrafine CPC, along with integrated total concentration derived from the ultrafine Differential Mobility Particle Sizer (DMPS). Comparison of laboratory-derived corrections for coincidence and both the diluted CPC total concentrations and DMPS concentrations revealed very good agreement and confirmed that peak particle concentrations during coastal nucleation bursts result in new particle concentrations as high as 1.2 Â 10 6 cm À3 . The DMPS total concentration was somewhat lower than the diluted CPC concentration, suggesting that the recommended method of measuring such high concentrations is to dilute the sample significantly. The lower concentrations from the DMPS are partially due to the 10 min integration time being insufficient to resolve peaks seen by the CPC operated at 1 Hz. Taking the corrected concentrations in account, 3 nm particle source rates were calculated to be >10 5 cm À3 s À1 . The spatial array of CPCs revealed that within the general coastal nucleation plume, there are numerous microplumes with spatial scales of the order of 10-100 m when sampling is conducted near the source region. Further from the source region these microplumes merge into the general coastal plume. Citation: Hämeri K., C. D. O'Dowd, and C. Hoell, Evaluating measurements of new particle concentrations, source rates, and spatial scales during coastal nucleation events using condensation particle counters,
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Introduction
[2] New particle formation in the atmosphere has recently received increasing experimental and theoretical interest. One of the primary reasons stems from the development of improved experimental techniques to measure particles at smaller sizes. During the last decade or so, aerosol particle counters have been able to detect recently formed particles with diameter of about 3 nm. Investigations have shown a number of new particle sources in various background atmospheric environments. Nucleation mode particles have been found in the free troposphere [Clarke, 1992; Schröder and Ström, 1997; Raes et al., 1997] , in the marine boundary layer [Covert et al., 1992; Hoppel et al., 1994; O'Dowd et al., 1998 ], in the vicinity of evaporating clouds [Hegg et al., 1991] , in Arctic areas [Wiedensohler et al., 1996] , in Antarctic areas [O'Dowd et al., 1997] , in urban areas and in stack plumes Wexler, 1994, 1996; Väkevä et al., 2000] and in boreal forest [Mäkelä et al., 1997] .
[3] One of the powerful tools available for investigations into new particle formation is the use of multiple condensation particle counters (CPCs) with different lower cutoff sizes (in this study TSI CPC models 3025 and 3010). The TSI Model 3025 measures the total number concentration of particles larger than 3 nm (d 50% >3 nm, concentration denoted here N 3 ) while smallest diameter for the model 3010 is 10 nm (d 50% >10 nm, concentration N 10 ). The difference between the total concentration measured by the two CPCs allow determination of the nucleation mode particle concentration in the size range 3 -10 nm. This method gives fast time response (1 Hz) and has proved very powerful in conditions where the concentrations have strong temporal variations. Using this method one is able to separate the nucleation mode particles from even high background concentration of Aitken and accumulation mode particles. Typically the lowest nucleation mode particle concentrations that can be detected are >10 cm À3 [Saros et al., 1996] . [4] During a burst of nucleation mode particles typically both types of CPCs show increased values and the determination of the true nucleation mode particle concentration is obtained by detecting difference of two large numbers. The concentration is therefore influenced strongly on the actual cut off size of the instruments. In addition, the cut off size is never an ideal step function causing inaccuracy even if the instruments have been carefully calibrated. This inaccuracy is often accepted as the temporal variations of nucleation mode particle concentrations are enormous between background values and nucleation burst values. The nucleation mode concentration obtained using this method is often used as an qualitative indicator rather than an exact value. The situation is more complicated when two or more similar CPC pairs are used in order to determine the spatial variations in connection with temporal variations of nucleation mode particle concentrations.
[5] In addition to particle size information, the CPCs have also limits for the concentration range that is usable. During a nucleation burst it is typical that particle concentrations reaching 10 4 -10 6 cm À3 are detected. These values are similar or higher than the upper limits for the CPCs provided by the manufacturer. Therefore also the concentration response needs to be examined.
[6] In order to gain information on nucleation mode particle spatial and temporal variations in the coastal environment, the characteristics of the CPCs used in the New Particle Formation and Fate in the Coastal Environment (PARFORCE) study [O'Dowd et al., 2002a [O'Dowd et al., , 2002b are examined. The objective of this study is to provide quantitative estimates of the operational limits for all of the CPCs used in the PARFORCE experiment and to report the size and concentration calibrations of these instruments.
[7] In addition, during intense coastal nucleation bursts, comparisons are made between different configurations of the CPCs, along with concentrations derived from integrated aerosol spectrometer measurements. An evaluation of particle source rates is also presented, along with estimates of the spatial scales of coastal nucleation bursts. More general summaries of the observed nucleation events are reported in an associated paper [O'Dowd et al., 2002b] .
Results
[8] The particle concentration measurements were carried out in the Atlantic coastal region around the west of Ireland [O'Dowd et al., 2002a [O'Dowd et al., , 2002b . The CPC array consisted of four nodes, located around the Mace Head research station as shown in Figure 1 . It reassembled a pyramid with a triangular base formed by nodes 1, 3 and 4.
[9] Node 1 was located in one of the shore laboratories and was equipped with a bank of CPCs consisting of a TSI model 3025 (label ''D''), a TSI model 3010 (label ''I'') and a TSI model 3010 (label ''G'') which was modified to lower d 50% of about 5 nm [Mertes et al., 1995] . The bank sampled from a stainless steel duct with an inlet at 10 m above sea level, through which air was continuously pumped. The residence time in the duct was about 1 s. The sample flow rates of the instruments were 5 cm 3 s À1 for the CPC 3025 and 16.667 cm 3 s À1 for the CPC 3010.
[10] Node 2 sat on top of a tower, and consisted of a CPC bank identical to node 1 (CPC 3025 label ''A'', CPC 3010 labels ''H'' and ''F''). The CPCs were placed in an environmental chamber in which the temperature was actively controlled. The CPCs took their sample from a PVC tube with a length of 1.8 m, the inlet of which was placed about 20 m above ground level. The sample was taken at the middle of the inlet and the residence time was less than 1 s. Therefore the electrostatic losses within the inlet were assumed to be of the same order as in other inlets in other nodes. Horizontally, nodes 1 and 2 were about 6 m apart from each other and about 50-100 m east from the shoreline.
[11] Node 3 was placed in a cottage uphill and about 200 m east of nodes 1 and 2, sampling from 18.5 m above sea level. Node 3 was equipped with TSI model 3025 (label ''E'').
[12] Node 4 was set up on an island, north of the local coastline and separated from the mainland by a 10 m wide stretch of rock, which is only exposed during low tide. The CPC was placed outside and was subject to temperature fluctuations. However, during the campaigns the ambient temperature remained relatively stable and no problems was observed. Its inlet was placed about 5 m above sea level. Node 4 was equipped with TSI model 3025 (label ''C''). The residence time in both nodes 3 and 4 was approximately 1 s.
[13] Output pulses from all eight CPCs were logged to a common data acquisition system. The CPC output signal gives one pulse per particle and thus the concentration and the pulse number are proportional. The particle concentration was calculated from the number of pulses n p per second counted during time interval T and the sample flow q s
In order to try and resolve characteristic temporal structures of the particle concentration signal, data was logged at a frequency of 10 Hz. Results of a frequency analysis of the CPC signal by fast Fourier transformation, however, showed 1 Hz to be the maximum frequency both the model 3010 and 3025 could resolve. All data was therefore reduced to this frequency before analysis.
[14] Particle production events were classified into three major groups. This classification is discussed in detail elsewhere [O'Dowd et al., 2002b] and is only shortly summarized here. The type I nucleation events were characterized by clean marine air flow from the sector south to west-northwest. The particles were produced as the air passes the closest tidal area about 100 m from the station. As a result the particles were typically very small with little enhancement at sizes larger than 10 nm. Type II events produced typically larger particles. The particle production results as air passes over multiple source regions north-northwest of the station, along with one local source region at Mace Head. Type III events occur in polluted air masses which have advected over source regions 1-3 km southeast of the station. This type is distinct from the previous two in that there is no very local source region (100 m) under these trajectory conditions.
Counting Efficiency Curves and Lower Cutoff Diameters
[15] The counting efficiency E of a CPC is defined as the ratio of the number of particles seen by the instrument N I to the true particle concentration N 0 as a function of the particle diameter d. The sizes of particles studied with the CPC array were predominantly <10 nm, a size range where none of the instruments used has 100% counting efficiency. Also, counting efficiencies vary between different CPCs of the same model. It is therefore important to know E(d ) for each instrument when comparing the data gathered at the different nodes. However, the differences in the exact cutoff diameter and the slope of the detection efficiency curve makes the concentration measurements at the size range <10 nm extremely sensitive to the actual diameter of the studied particles. This will obviously influence the concentration values as well as the growth rates of the nucleation mode particles presented later in this paper. Another purpose of the calibration is to ensure the data quality. In an intercomparison study during the 1999 campaign, efficiency curves of all the CPCs used in the array were determined.
[16] The setup for the intercomparison experiment is shown in Figure 2 . Tungsten oxide (WO x ) particles were produced by a photochemical aerosol generator [Dubtsov et , 1996] . The output size distribution was unimodal with a maximum of N > 10 4 cm À3 at d = 8 nm. The aerosol was charged and classified using a DMA to extract a monodisperse fraction of singly charged particles. The DMA was operating with sample to sheath air ratio of 2.1 lpm/17.6 lpm providing sufficiently narrow size spectrum of the calibration aerosol. The width of the triangular shaped calibration aerosol was about 0.3 to 0.5 nm in the smallest particle sizes. The particles were then measured simultaneously by the CPC to be characterized, a reference CPC (TSI model 3010) and an aerosol electrometer. The concentration N E measured by the electrometer was assumed to be the best estimation of the true particle concentration N 0 . The electrometer was operated with a sample flow q E = 166.67 cm 3 s À1 . To provide sufficient flow for all three instruments, a passive dilution unit was placed at the DMA outlet. A size range from d = 2 nm to 25 nm was covered for each CPC. Counting efficiencies E = N I /N E as a function of d were derived from the measured N I and N E . The efficiency curves derived for the reference CPC provide a data set proving the reproducibility of the experimental conditions. The mean over a total of eleven efficiency curves for the reference instrument is shown in Figure 3a . The variation of the data, indicated by the 1s error bars, is sufficiently small to consider the experimental conditions as reproducible for all runs. Figures 3b-3d show efficiency curves E(d ) for all CPCs. The curves for both standard and modified CPCs 3010 are rather uniform, whereas the 3025 data shows considerable variation between the CPCs. For all instruments, E rises from zero to values around 0.7 rather rapidly (ÁE > 0.13 per nm), then the slope of the curves decreases to ÁE > 0.01 per nm. Only three CPCs 3025 (instruments This result is, however, not surprising but depends most likely on inaccuracies of the true flow rates.
[17] To determine the cutoff diameters d 50% , least squares fits were applied to the experimental data E(d ). Best results were achieved with equations y = a + bx À0.5 for the CPCs 3025 and y = a + bx À2 for both standard and modified CPCs 3010. Parameters a, b and correlation coefficients D 2 of the fits are listed in Table 1 for the CPCs 3025 and CPCs 3010, alongside the diameters d 50% at E = 0.5, calculated from fitted equations. In Figure 4 , the fits of the counting efficiency curves for the node 1 CPCs are plotted. The slopes of the curves are reasonably steep, but obviously the concentrations of particles in the size classes 3 -5 nm and 5-10 nm are very sensitive to the actual diameter of particles.
[18] The cutoff diameters of the CPCs 3025 were 10-30% above the nominal values. Only instrument C, with d 50% = 4.6 nm, showed a bigger deviation of >50%. It has to be remarked, that the output concentration of the particle generator and the charging efficiency within the DMA are rather small for d < 5 nm. Uncertainties in the particle number concentration are therefore large and consequently also affect the determination of d 50% . All standard CPCs 3010 were within ±10% of their nominal cutoff diameter. For the modified Models 3010, d 50% of 5.7 nm and 6.7 nm were calculated, being in reasonable agreement with the values found by Mertes et al. [1995] .
[19] In summary, it seemed justified to compare data from all standard 3010s without corrections. Counting efficiencies of the modified CPCs 3010 differed for smaller diameters. Yet, as both instruments behaved similarly at largerd, no correction to the data was applied. The spread in the CPC 3025 curves for d = 7-15 nm will have some influence on the measured concentration, but it is very difficult to apply a d-dependent correction without size separated data. Finally, we note that accuracy of any concentration value depends strongly on the actual diameter of the nucleation mode particles, especially as the focus of this paper is on the periods of very high nucleation mode number concentrations.
Coincidence Calibration
[20] The counting device within a CPC is a simple optical counter. It is necessary for reliable measurements to ensure that only one particle passes the laser beam at one time and that the time lag between two particles is longer than the processing time of the counting electronics. This condition, however, is only fulfilled for ''low'' particle concentrations, where the exact limit depends on the individual instrument. As soon as the particle concentration exceeds that number, measurement errors occur. The concentrations measured during particle formation events at Mace Head regularly exceeded the upper detection limits of the CPCs, which are given by the manufacturer as 10 5 cm À3 for the model 3025 and 3 Â 10 4 cm À3 for the model 3010 (CPC Instruction manuals, TSI Inc.). It was therefore necessary to examine the validity of the measured data at these high concentrations.
[21] A laboratory study was performed after the field campaigns to investigate the counting efficiency of the CPCs TSI model 3025 and 3010 at high particle concentrations. The experimental setup is similar to the one shown in Figure 2 . Instead of WO x , sodium chloride (NaCl) particles were produced simultaneously by a Constant Output Atomizer (TSI Model 3076, TSI Inc.) and a Nebulizer (PMS PG 100, PMS Inc. . Output pulses from the CPCs were recorded at 10 Hz, the electrometer output voltage at 1 Hz.
[22] Figure 5 shows CPC concentrations N I versus electrometer concentrations N E for both the model 3025 and the model 3010 for 60 nm particles. Differences between N E and N I occur from approximately 2.5 Â 10 4 cm À3 for the 3025 and 1 Â 10 4 cm À3 for the 3010. The curve for the 3010 levels out at N I = 4 Â 10 4 cm À3 and starts to decrease again.
[23] Least squares fits were applied on the data (N I ; N E ) in order to provide a correction tool for CPC data. An equation of the forms y = a 1 + b 1 x 1.5 + c 1 x 3 (CPC 3025) and y = a 2 + b 2 x + c 2 x 2 (CPC 3010). Table 2 summarizes parameters a, b and c. The fitted curves are also included in Figure 5 . The data presented in this work has been corrected PAR using these formulas when the observed particle concentration exceeded value 10 4 cm À3 .
Case Studies of Nucleation Mode Concentrations 2.3.1. Measurement of Peak Concentrations
[24] An example of the importance of coincidence correction is shown in Figure 6 . The concentration of particles obtained with different instruments using different methods of corrections during type I nucleation event (day 163, 1999 ) is presented. The concentration was measured using two CPCs (TSI 3025 at nodes 1 and 3) and a Differential Mobility Particle Sizer (DMPS, node 1). The DMPS set-up consisted of two units of Vienna type DMAs (11 cm and 28 cm) and two CPCs (TSI model 3010 and model 3025). The combined spectra covered size range from 3 nm to 500 nm and measurements were done in 10 min intervals. It is important to realize that none of the instruments gave the total concentration directly. The reading of the CPC at node 1 needed to be corrected for the coincidence with function discussed above. The CPC at node 3 was used together with dilution (1:30) to prevent the coincidence to become a problem. The CPC data is typically calculated as one minute averages. However, for comparison with the DMPS reading the CPC concentration was additionally calculated as 10 min averages. The concentration from the DMPS was obtained by integrating over the size distribution (size range between 3 and 800 nm). The time resolution in DMPS measurements was 10 min and it is therefore clear that the fine structure and rapid fluctuations in concentration are not achieved. The comparison of two CPCs, one with dilution and other with coincidence correction, shows good agreement within $20% (Figure 6a ). The comparison between 1 min and 10 min averages (Figure 6b) demonstrates the difference in the fine structure as the averaging time is changed. The comparison between CPC (node 1, 10 min averages and coincidence correction) and DMPS readings (Figure 6c) shows difference by a factor of $2. A possible reason for that is the detection losses at the small particle channels of DMPS, which are probably much greater than for a single CPC. Finally, the fast time resolution (1 Hz) data is shown together with the 1 min averages to indicate the variability between these timescales (Figure 6d ). Considering the limitations and uncertainties in the various measurements Figure 7 . The concentration of particles larger than 3 nm (N 3 ), 5 nm (N 5 ) and 10 nm (N 10 ) measured using CPCs with different cutoff sizes together with concentrations obtained using integrated number over DMPS spectra during a particle formation event day 271, 28 September 1998 (top) and the calculated production rate of 3 -5 nm and 5 -10 nm particles (bottom). and different timescales the agreement between various methods is rather good.
Nucleation Mode Concentrations and Source Rates
[25] The previous studies [e.g., O'Dowd et al., 1998 ] suggest that considerable number of new particles during nucleation bursts in coastal region of Ireland have diameter less than 10 nm. It is therefore expected that CPCs having different cutoff diameters observe different concentration. The difference is furthermore expected to depend on the transport time between the source area and measurement site and it is therefore assumed that type I nucleation events having the source region only about hundred meters from the station show biggest differences. The visual observation of the data proved that this is the case.
[26] As an example we present here the data for type I nucleation event period during the day 271 (28 September 1998). The concentration measured using CPCs with cutoff sizes 3 nm (N 3 ), 5 nm (N 5 ) and 10 nm (N 10 ) during the nucleation burst in the afternoon is shown in Figure 7 (top). It is clearly visible that while N 10 remains nearly constant at about 400 cm À3 , both N 5 and N 3 fluctuates rapidly maximum concentrations peaking at 7 Â 10 4 cm À3 and 3 Â 10 5 cm À3 correspondingly.
[27] The example of the CPC data as presented in Figure 7 clearly shows the potential of this type of measurements in detecting new particle formation events in atmosphere. The data obtained using CPCs was compared with the concentration data obtained integrating over the Differential Mobility Particle Sizer (DMPS) spectra measured at the same location. However, the DMPS setup was measuring particles with minimum diameter 3 nm and therefore if the concentration remains stable the integration over the size distribution should result to value rather close to N 3 measured using CPC 3025. This correspondence is indeed obtained as one compares the CPC data with DMPS data (Figure 7, top) . The rapidly changing concentrations before time 271.7 are not well reproduced in DMPS data, but the more stable high concentrations after time 271.7 are obtained also with DMPS.
[28] The difference between concentrations of various CPCs can be used, e.g., in determining the new particle formation rate. Determining the change in difference between two CPC readings over a time period one can obtain production rate of particles at certain size class. We did calculations for the size classes 3 -5 nm and 5-10 nm (Figure 7, bottom) . Production rates up to 5 Â 10 4 cm À3 s
À1
were observed during the most intensive particle formation Figure 8 . The calculated production rate of 3 -10 nm particles during a particle formation event day 165, 14 June 1999.
PAR period. The production rate of size class 3 -5 nm is systematically higher indicating that the maximum of the nucleation mode was smaller than 5 nm. This was confirmed also by analyzing the DMPS data.
[29] Another example of particle source rate during an intense particle production event is shown in Figure 8 ( day 165, 1999) . During this day the particle number concentration peaked at more than 10 6 cm À3 for couple of hours (node 1, CPC 3025 label ''D''). During this period the particle production was also extremely intense being up to nearly 10 6 cm À3 s À1 for long periods of time.
[30] Estimates of source rates of particles are made by taking the rate of change of 3 -5 nm particle concentration at the highest temporal resolution (1 Hz). Given a 5-10 ms À1 wind speed, a parcel of air sampled by the CPC in 1 s is of the order of 5 -10 m in spatial scale. The source region is about 50 m from the measurement point, and it takes 5 -10 s to transit from the source region to the measurement location.
[31] The increase in ultrafine particle concentration occurs either (1) instantaneously in the parcel sampled or (2) from a microplume advecting past the sensor. For every significant positive increase in particle concentrations, there is a concomitant negative change in concentration suggesting that the latter is more probable. It should be noted that negative values are excluded from the figure as they do not represent particle destruction rates.
[32] In the case of (1), nucleation can be occurring at spatial scales smaller than one meter, suggesting that the derived source rate over a spatial scale of 5 -10 m is a minimum source rate. On the other hand, if the rate of change results from option (2), nucleation could be occurring continuously, every second, in the microplume during the transit over the source region to the detection point, thereby suggesting that the nucleation could be 5 -10 times lower than the measured rate of change in ultrafine particle concentration. Consequently, an estimate of the error in using this approach is of the order of ±1 order of magnitude. While this error range may seem high, it is typically less than the error bars associated with predicting nucleation rates. Given that coagulation losses of sub 3 nm particles over short a short transit period, despite the high concentrations, are of the order of 50%, these sources can be used to estimate actual nucleation rates of 1 nm particles.
Spatial Scales of Nucleation Plumes
[33] Based on the assumption that the new particles are produced locally at the coastal region, it is expected that the various CPCs with equal cutoff size in the spatial array will observe different concentrations depending strongly on the prevailing local wind direction and the origin of the air masses. The influence of the local wind direction was clearly observed, especially for type I and II events. However, no other correlation with local meteorology was examined. The event types behaved in systematic manner during the whole measurement period and they can be characterized presenting typical examples.
[34] The characteristics of CPC measurements during particle production events can be studied by examining scatter plots between various instruments during different event types. During type I events, air flow is over one close source region and detection is very close to the source while during type II events, air flow is over multiple tide regions and detection is further from the source. In Figure 9 , examples of scatter plots consisting 1 min average data during days of different types of events are presented. A more detailed report on all event types is presented by O' Dowd et al. [2002b] .
[35] During type I events, considerable differences are seen between particle concentrations at 10 m (node 1) and 20 m (node 2) (Figure 9a ). Very often, significant bursts are seen at the 10 m level but not at the 20 m level suggesting that the 10 m level is nearer the source. Sometimes, higher concentrations are seen at the 20 m level. During the example day in Figure 9a , 18 September 1998, the local wind direction was relatively stable from south. Each data point corresponds to a 1 s sampling interval which translates to approximately 10 m given the local wind speed. The differences over these timescales suggest that the spatial scales of the nucleating microplumes are of the order of meters. The degree of scatter, while indicating some correlation, also indicates that both sensors are often in different parts of the same plume while the regions with no correlation indicate mutually distinct plumes. The periods of correlation lasting several seconds indicate also that the spatial scales of some of the plumes are of the order of 100s of meters.
[36] In Figure 9b , the measurements at the 10 m shore level (node 1) and 300 m inland (node 3), but not directly downwind, indicate a higher degree of independence between micronucleating plumes observed at these locations. When the correlation between the shore lab 10 m level and the island 3 m level (node 4) is examined ( Figure  9c) , there is almost no relationship whatsoever between the two nucleating plume occurrence at both locations (100 m separated in the horizontal).
[37] By comparison, correlation plots between the 10 m shore lab point and the 3 m island during a type II event (i.e., passage over multiple tidal zones of wind and greater dilution and turbulent mixing of the plume) indicate a significantly higher degree of correlation (Figure 9d ). The scatter is presumed to result from the more local micronucleating plumes on the foreshore superimposed on the primary coastal plume formed further upwind. Airborne measurements illustrated that nucleation occurs ubiquitously along the coastline and that the primary coastal plume can extend hundreds of kilometers in spatial extent along the coastline, while the plume was observed to advect a similar distance out over the ocean [O'Dowd, 2002] .
Conclusions
[38] The characteristics of various CPCs with different cutoff sizes at various locations during the PARFORCE campaign have been examined for their ability to count true total particle concentrations, particularly in nucleation mode sizes of less than 10 nm.
[39] Size calibration and coincidence studies were performed in order to get detailed information of the operation of each individual CPC for the further data analysis.
[40] The CPCs were shown to operate reasonably accurately according the manufacturers specifications in terms of the lower detection limit and the campaign data is therefore viewed as usable to derive nucleation mode concentrations and source rates.
[41] In general, while coincidence corrections can be applied to CPCs used in concentration regimes of >10 5 -10 6 cm À3 , it is recommended that, under these conditions, significant dilution of the sample flow is allowed. DMPS size spectrometer total concentrations are typically lower (up to 50%) than both diluted CPC concentrations and those corrected for coincidence errors. The rapid variability in particle concentrations are best captured using a sample time resolution of 1 Hz as sampling over longer periods of 1 -10 min, particularly using size spectrometry, results in the inability to capture the most intense microplumes, underestimate peak production rates, and underestimate peak concentrations.
[42] 3 nm particle source rates derived from corrected nucleation mode CPC concentrations are estimated to be >100,000 cm À3 s À1 for intense nucleation events and >10,000 cm À3 s À1 for more moderate bursts.
[43] The operation of CPC banks in spatial array configuration were examined during intensive nucleation burst periods to estimate the spatial scales of the micronucleation plumes. Correlations between CPCs placed at distances up to 200 m apart reveal that when the air has advected over one source region close to the sampling location, microplumes containing new particles occurred over spatial scales as small as 10 m. By comparison, air that had advected over multiple source regions further upwind, spatial scales of the plumes measured by aircraft were greater than hundreds of kilometers in scale.
